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Abstract - A new linear, aromatic, thermoplastic polyimide, identified as LARC-IA,
has been synthesized and evaluated, primarily as an adhesive, which is
physiologically safe and relatively inexpensive. The polymer was prepared from
oxydiphthalic anhydride (ODPA) and 3,4-oxydianiline (ODA) in diglyme. In order to
promote optimal flow properties, which improves wetting, the molecular weight of the
polymer was controlled by use of a monofunctional anhydride, phthalic anhydride
(PA).

The polymer is of particular interest as a possible replacement for LARC-TPI,
a commercially available polyimide with exceptional adhesive properties as well as
being a highly thermooxidatively stable material. LARC-TPI is presently available in
several forms: films, molding powder, 30 wt.% solids solution (varnish), and
prepreg. However, the 3,3'-diaminobenzophenone component is expensive and its
physiological effects are uncertain. LARC-IA is synthesized from noncarcinogenic,
nontoxic chemicals which are relatively inexpensive.

Adhesively bonded lap shear specimens, using Ti-6Al-4V adherends, were
prepared and tested to assess its adhesive potential. Specimens were exposed to
water boil and thermal aging to determine the adhesive system's durability. Results
were compared to data for LARC-TPI previously generated in our laboratory and
published earlier.

Preliminary results were also obtained for composites fabricated from LARC-
IA (5% PA) and graphite fibers (AS4, 12K). Flatwise tensile strength and critical
fracture energy were also determined.

Initial results of this study indicate considerable promise as a structural

adhesive for applications for temperatures up to 200°C.



1. INTRODUCTION

Because of the anticipated needs of the aerospace industry for high temperature
polymers for use in various applications, research has continued at Langley
Research Center on the synthesrisr and development of new, inexpensive, flexible,
aromatic, high temperature polymers. A recent result of that g(;al Was the
development of the thermoplastic, linear polyimide, LARC-TPI, that exhibited

exceptional adhesive and other properties [1-3]. The polyimide is presently
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LARC-TPI

Tg = 260°C (500°F)

produced by several suppliers in film, molding powder, prepreg, and solution
(varnish) forms. However, present concern of the physiological effects due to the
diamine component, 3,3-diaminobenzophenone (DABP), and its relatively
expensive cost tend to detract from its other excellent attributes. Therefore, a new
polyimide with properties similar to LARC-TPI has been synthesized and evaluated.
The polymer, identified as LARC-IA (Langley Besearch Center - [mproved
Adhesive), has been prepared in diglyme as a 15 wl.% solids solution from
oxydiphthalic anhydride (ODPA) and 3,4'-oxydianiline (ODA). The molecular
weight, and therefore, its flow, was controlled by use of a monofunctional anhydride
[phthalic anhydride (PA)]. | |

The adhesive evaluation of this new' polyimide, LARC-IA with and without
endcaps, is the primary subject of this report. The effects of an aluminum powder

filler was also investigated. Preliminary results were also obtained for composites
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composed of LARC-IA with 5 wt.% PA endcap [LARC-IA (5% PA)] and graphite fiber
(AS4, 12K). Flatwise tensile strength (FWT) and critical fracture energy (G1c) were

determined as well as several LARC-IA film properties.
2. EXPERIMENTAL
2.1 Materials and synthesis

The reaction scheme for the synthesis of LARC-IA is shown in Fig. 1. The chemicals
used to prepare the polymer were obtained from commercial sources. The
oxydiphthalic anhydride (ODPA) was supplied by OXY Chemical, Niagara Falis, NY.
The 3,4'-oxydianiline (3,4'-ODA) was supplied by Kennedy and Klim Incorporated,
Little Silver, NJ.

The polymer that was primarily used as the adhesive was prepared in reagent
grade bis(2-methoxyethyl)ether (diglyme) at 16.5 percent solids. The ODPA
(60.4935 g) was mixed with 3,4'-ODA (40.0480 g) in 515 g of diglyme at room
temperature (RT). This mixture was stirred overnight and PA (1.4812 g) was added
and stirring continued for an additional 1/2 hour. This solution was stored for 48
hours at 40°F and its inherent viscosity, ninh, was determined to be 0.47 dl/g (0.5%
in DMAc at 35°C). This afforded a polymer with a 2.5 percent molar excess of the
diamine which was endcapped with 5.0 molar percent monofunctional PA. The
unendcabped version of tliwér polymer wés prrépeilrred m 'the same manner with
equimolar amounts of the ODPA and 3,4'-ODA (niny 0.63 dl/g). A 10 percent
endcapped version was prepared in a like manner with a 5 percent molar excess of

diamine and 10 mole percent of PA (ninn 0.25 dlL/g).



2.2 Characterization

Lap shear strength (LSS) was determined according to ASTM D1002 using an
Instron Universal Testing Machine. The LSSs reported represent an average of four
lap shear specimens per test condition except as noted in the tables. The range of
LSSs is indicated by dashed lines in the bar graphs and is listed in the tables.
Elevated temperature tests were conducted in a clam-shell, quartz-lamp oven with
temperatures controlled to + 3°C for all tests. Specimens were held 10 min at
temperature prior to testing except for the water boil tests which were conducted
upon reaching the test temperature (approximately 1-2 min).

Bondline thickness for the bonded titanium lap shear specimens is defined as
the difference between the total joint thickness measured with a micrometer and the
sum of the adherend thicknesses. The average bondline thickness for the thermally
aged and water boil specimens was 0.023 cm for LARC-IA, 0.010 cm for LARC-IA
(5% PA), and 0.017 cm for LARC-1A (5% PA) 50% Al powder.

Glass transition temperatures (Tg) were determined using a DuPont 990 Thermal
Analyzer in conjunction with a DuPont Model 343 Thermal Mechanical Analyzer
(TMA)*. TMAs for films were run in static air at a heating rate of 5°C/min with a load
of 0.5 10 2.0 g. Tgs, determined by Differential Scanning Calorimetry (DSC), were.
obtaihed on a DuPont 10977(7)7717'7t¥e;rmal Anarlyzerr ih éghjunction with a Model 910
Differential Scanning Calorimeter run at 20°C/min. 7

lnhefent viscosity wés déie;mfhed uéing a Canhiérilr-rl’jbbeloﬁde virscomete'r ina
35°C water bath controlled to within £ 0.01°C. A 10 ml solution of 0.5 wt/vol% solids

in dimethylacetamide (DMAc) was made and filtered.

*Use of trade names or manufacturers does not constitute an official endorsement,

either expressed or implied, by the National Aeronautics and Space Administration.



The type of failure for lap shear tests was evaluated visually using a 10X
magnification and estimating the percent area of each type of failure, cohesive or
adhesive.

FWT was determined according to ASTM C297 using 5.1 x 5.1 cm specimens
tested at RT.

Critical fracture energy was determined using a double cantilever beam
specimen in accordance with ref. [4]. The film properties: yield strength, tensile
strength, tensile modulus, and elongation were determined according to ASTM
D882.

The mechanical properties, flexural strength and flexural modulus, were
obtained for LARC-IA (5% PA)/AS4 12K composite according to ASTM D790.

The solvent resistance of LARC-IA film was evaluated by immersing a strip of
film, 0.64 cm x 1.27 cm, in several different solvents for 72 hours, removing the film
and assessing the results visually as well as determining the Tg by TMA and DSC

techniques.

2.3 Adhesive tape

The adhesive tapes were prepared by brush coating the polymer solution [15 wt%
for LARC-IA, ninn 0.63 dL/g; 16.5 wt% for LARC-IA (5% PA), ninh 0.47 dUg; and 16.9

wi% for LARC-IA (10% PA), ninh 0.25 dL/g] in diglyme onto a 112 E-glass cloth with
an A-1100 finish (y-aminopropylsilane) (Union Carbide). The glass cloth had been
tightly mounted on a metal frame and dried in a forced-air oven for 30 min at 100°C
prior to coating. The 0.10 mm thick glass cloth served as a carrier for the adhesive
as well as for bondline thickness control and an escape channel for the solvent.
After a primer coat (= 7.5 wt% solids solution) was applied and dried, several

applications of the originally prepared solution were applied until the thickness of
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the tape was 0.20 - 0.30 mm. After each coat was applied, the tape was air-dried at
ambient for 0.5 - 1.0 h, placed in a forced-air oven, and exposed to the following
schedule:
(1) RT — 100°C, hold 1 h;
(2) 100°C — 150°C, hold 1 h; and
(3) 150°C — 175°C, hold 1 h.
The procedure used to prepare the tapes was required to drive off the solvent

and reaction product volatiles when converting the polyamic acid resin to the

polyimide. Imidization of most polyamic acids to polyimides generally occurs in the
160°C range, with the degree of conversion being a function of time and
temperature. The prepared tapes were stiff and boardy with no tack or drape.

The same procedure was used to prepare the powdered aluminum filled tapes.
The aluminum was added to the polymer solution at 50% by weight of the polymer

solids content.
2.4 Adhesive bonding

The prepared adhesive tapes were used to bond lap shear specimens with titanium
adherends (Ti-6Al-4V, per Mil-T-9046E, Type Il Comp. C) that were a nominal 1.27
mm thick. The four-fingered Ti-6AI-4V panels were grit-blasted with 120 grit
aluminum oxide, washed and rinsed with methanol, and surface treated with Pasa-
Jell 107" treatment to form a stable oxide on thev sdrface. The adherends were
primed with a 7.5 wt% solution of the same resin that was used to prepare the tape.

The primer was air-dried 0.5 h, then heated in a forced-air oven for 15

*Trade name for a titanium surface treatment available from Semco, Glendale, CA.
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min at 100°C and 15 min at 150°C prior to bonding. Lap shear specimens were
prepared by inserting the adhesive tape between the primed adherends using a
12.7 mm overlap. Each adhesive system was bonded using three different bonding
conditions. Bonding temperature was monitored using a type K thermocouple
spotwelded next to the bond area. Selection of the optimized bond condition was
based on that giving the highest LSSs. The selected bonding condition was then
used to prepare specimens for the aging and water boil tests.

FWT specimens for LARC-IA (5% PA) and LARC-IA (5% PA) 50% Al were
prepared from titanium honeycomb core (= 2.71 mm thick) and Ti-6Al-4V facesheets
(= 0.51 mm thick). Both the core and facesheets were given a Pasa-Jell 107 surface
treatment and primed prior to bonding. Bonding conditions were: 8°C/min heating
rate, 0.34 MPa pressure, RT — 371°C held 1 h. 5.1 x 5.1 cm specimens were cut
and bonded to the test blocks with HT-424 adhesive (American Cyanamid
Company). Tests were performed at RT.

Double cantilever beam (DCB) specimens, also bonded with LARC-IA (5% PA)
and LARC-1A (5% PA) 50% Al, were prepared using 1.27 mm thick Ti-6Al-4V with a
Pasa-Jell surface treatment and primed prior to bonding. The DCB configuration,
testing, and calculations are presented in ref. [4]. Bonding conditions were: 8°C/min

heating rate, 2.07 MPa pressure, and RT — 371°C held 1 h.

2.5 Thermal and water boil exposure

A bonding cycle was selected which was based on the highest LSS and was used
to prepare specimens to determine the effects of thermal exposure in a forced-air
oven at 204°C + 2°C for up to 5000 h. Lap shear tests were conducted at RT, 177,

204 and 232°C before (controls) and after exposure.,
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A 72-h water boil test was conducted in laboratory glassware containing boiling
distilled water. Lap shear specimens were immersed above the bonded area during

a 72-h period. LSSs were determined at RT, 177, 204 and 232°C.

2.6 LARC-IA film solvent resistance

A nominal 0.025 mm thick LARC-IA film was prepared by doctoring a 15 wt% solids
solution in diglylme on a glass plate and curing in a forced-air oven for 1 h at each
temperature of 100, 200 and 300°C. Films were soaked at RT for a 72-h period in
methylene chloride, diglyme, DMAc, m-cresol and N-methyl-2-pyrrolidone. Films
were patted dry with hand wipes and visually evaluated. Tg was then determined by

TMA and DSC.
3. RESULTS AND DISCUSSION
3.1 Chemistry

The adhesive properties of LARC-TPI have been attributed to the high degree of
flexibility in the polymer backbone afforded by the bridged dianhydride and the
meta-linked diamine [5]. The 3,3'-BTDA diamine is expensive to synthesize (>
$50/Ib.) Also, because it has been shown to give a positive Ames test, this material
must be handled with great care which adds to the cost of the resulting adhesive.
However, once the diamine has been reacted into the polymer backbone it should
no longer pose a hazard.

The novel diamine 3,4'-ODA has been commercially developed in Japan for
potential use in high modulus aromatic polyimides. This diamine has been tested

and shown to have very low mutagenic activity in the Ames test [6]. Also the
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monomer, ODPA, has become commercially available. The combination of these
two monomers in diglyme affords a polyimide which has exceptional adhesive
properties especially when its molecular weight is controlled. Examination of
molecular models shows this new polyimide, LARC-IA, to have similar chain

flexibility to LARC-TPI.

3.2 Bonding temperature and pressure

Selection of the optimum bonding conditions for each polymer was based on
obtaining the best compromise of high LSS for tests at RT, 177, 204 and 232°C.
Results are expressed in graphical form for those interested in obtaining a quick
pictorial summary of the results, and in tabular form for those interested in more
detail and additional information not included in the graphs.

In general, the LSSs decrease with test temperature with a drastic decrease as
the Tg is approached. Therefore, in most cases, the 232°C strength is greatly

reduced from that at 204°C.

3.2.1 LARC-IA

As shown in Fig. 2 and given in Table 1, three combinations of temperature and
pressure were evaluated using either 2.07 or 3.45 MPa pressure and 343 or 371°C
temperature. Little flashing or squeeze-out was observed for the polymer after
bonding, indicating poor flow properties. The best compromise of LSSs was
obtained with 2.07 MPa and 371°C. A significant increase in LSS was noted for the
204 and 232°C tests (21.1 MPa versus 15.7 and 14.7 MPa for the 204°C tests and
9.1 MPa versus 5.6 and 5.8 MPa for the 232°C tests). Therefore, specimens for
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thermal aging and water boil were prepared using 2.07 MPa pressure and 371°C

temperature conditions.

3.2.2 LARC-IA (5% PA)

LSS results for LARC-IA (5% PA) adhesive are shown in Fig. 3 and Table 2. The
same three bonding conditions used for LARC-IA were again used to evaluate
LARC-IA (5% PA). This time squeeze-out was evident indicating improved flow due
to the control of the molecular weight by endcapping with phthalic anhydride. The
best compromise of LSS values was again evident for the 2.07 MPa and 371°C
bonding conditions. Excellent LSSs were obtained at RT, 177 and 204°C for all
three bonding conditions (RT, 44.0 to 45.6 MPa; 177°C, 32.5 to 36.6 MPa;and 204°C
23.9 to 28.4 MPa).

3.2.3 LARC-IA (10% PA)

Because of the increase in the percent of endcapping, greater flow was to be
expected during bonding and, therefore, in two cases, a lower bonding pressure
was used. Test results for LARC-IA (10% PA) are shown in Fig. 4 and given in Table
3. Greater squeeze-out was noticed for this polymer which was also more brittle
than LARC-IA and LARC-IA (5% PA). However, although the RT LSS is slightly
lower for the 0.69 MPa/371°C condition than for the other two conditions evaluated,
the 232°C strength increased by = 3 MPa and the 177 and 204°C strengths
remained the same. Because the 5% PA endcapped adhesive provided higher
strengths than the 10% PA endcapped adhesive, no thermal aging or water boil
tests were conducted with the 10% PA endcapped adhesive.

3.2.4 LARC-IA (5% PA) 50% Al
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The addition of aluminum powder filler to the LARC-IA (5% PA) material was
investigated because past experience has shown that improvement in strength and
use temperature were realized by this technique [7]. As shown in Fig. 5 and Table 4,
excellent LSSs were obtained for all test temperatures and bond conditions. An
improvement in strength for the 232°C tests was evident (13.6 MPa versus 9.3 MPa
previously obtained). The best results for the LARC-IA (6% PA) 50% Al adhesive
were obtained using the 2.07 MPa and 371°C bonding conditions.

3.2.5 LARC-IA (10% PA) 50% Al

Only one bonding condition was used for LARC-1A (10% PA) 50% Al because of the
results mentioned earlier for the same polymer which provided excess flow without
the aluminum filler. Fig. 6 shows a comparison of the LSSs for the LARC-IA 5% and
10% PA endcap with 50 wt % of aluminum powder filler. The LSSs for the 10% PA
adhesive were lower than the 5% PA adhesive for all test temperatures, a similar
trend obtained earlier for the same polymers without the aluminum filler. No thermal

aging or water boil tests were attempted with this adhesive system.

3.3 Thermal exposure

The effects on LSS due to thermal exposure in a forced-air oven at 204°C are
shown in Fig. 7 and given in Table 5 for LARC-IA, LARC-IA (5% PA), LARC-IA (5%
PA) 50% Al, and LARC-TPI. LSS tests were performed at RT, 177, 204 and 232°C.
Strength results for LARC-TPI, reported previously, are included for comparison [2].
A beneficial effect of the thermal exposure was experienced for the LARC-IA
system. Significant increases in LSS were obtained for 177, 204 and 232°C tests

(177°C, from 25.5 to 29.4 MPa; 204°C, 21.1 to 26.2 MPa; and 232°C, 9.1 to 14.0
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MPa). However, RT strengths decreased from 31.8 to 27.8 MPa. Further exposure
at 204°C for 5000 h resulted in no change in LSS for tests conducted at 204°C
(1000 h, 26.2 MPa; 5000 h, 26.9 MPa).

After 1000 h at 204°C, the LSSs for the LARC-IA (5% PA) system decreased from
44.2 to 35.0 MPa for the RT tests and from 36.6 to 33.4 MPa for 177°C tests. LSSs
at 204 and 232°C were unchanged. Continuing the exposure for 5000 h, the RT
strength decreased to 29.0 MPa, the 177°C strength decreased slightly to 30.9 MPa,
the 204°C strength remained the same and the 232°C was slightly lower at 7.9 MPa.
These LSSs, except for the 232°C test, are excellent considering the time and
temperature of exposure. Comparing these results with LARC-TPI data, the
strengths for LARC-1A (5% PA) are higher at RT, 177°C and 204°C but significantly
lower than LARC-TPI at 232°C, probably due to the higher Tg of the LARC-TPI
polymer.

The addition of aluminum powder filler to the 5% PA endcapped system resulted
in an adhesive that retained the original strengths at all test temperatures after the
1000 h exposure. After 5000 h, the RT strength decreased from 43.8 MPa to 34.1
MPa, the 177°C strength decreased from 33.2 MPa to 28.3 MPa, the 204°C strength
decreased from 28.7 MPa to 24.5 MPa and the 232°C strength decreased from 13.6
MPato 7.7 MPa. The strengths retained after 5000 h are still excellent except for
that tested at 232°C (7.7 MPa). Comparing the 5000 h aging data of LARC-IA (5%
PA) 50% Al with the LARC-TPI data indicates higher strengths at RT and 177°C,
essentially the same strength at 204°C, and a lower strength at 232°C. The higher
strength of LARC-TPI at 232°C is again probably due to its higher Tg.

The LARC-TPI adhesive data which had been reported earlier, indicated some
increase in the strengths at 204 and 232°C after thermal exposure. As noted, the
LSS test at 232°C was conducted after 2260 h at 232°C and still resulted in a
significant increase (17.5 to 23.3 MPa). The strengths for the 232°C tests are much
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higher for the LARC-TPI than for the variations of LARC-1A primarily due to a higher
Tg for LARC-TPI. The initial and 1000 h exposure strengths at RT, 177 and 204°C
are higher for LARC-IA (5% PA) 50% Al than the LARC-TPI.

Lap shear test failures after thermal exposure were primarily cohesive except for
the RT test of LARC-IA and the 232°C tests for LARC-IA (5% PA) for 1000 and 5000

h exposure which were thermoplastic and a combination of cohesive/adhesive,

respectively.
3.4 72-h Water boil exposure

Lap shear specimens were exposed to a rather severe 72-h water boil to determine
the bonded system's resistance to a high humidity type condition. LSS test results
are shown in Fig. 8 and given in Table 6 for the LARC-IA polymers and compared
with earlier reported results for LARC-TPI.

Most of the adhesive systems show greatly reduced strengths for all test
temperatures after the water boil exposure. Water is known to plasticize most
polymers and, therefore reduce their strencjth properties. LARC-IA and LARC-IA
(5% PA) provide similar results to the LARC-TP. Strength retention for those two
systems ranged from 77% to 95% at RT, 59% to 80% at 177°é 25% 10 40% at
204°C and 38% to 41% at 232°C. LARC-TPI retained 84, 67, 40 and 30% at RT,
177, 204 and 232°C respectively. The LARC-IA (:5% ?A): 50% Al bonded éYétem
was similar to all others; however, it retained 52% of its original strength at 232°C or
7.0 MPa The alummumaddutf;/;;rZ)V|ded .a shghtlmprovemeﬁtln strength retehti;on

at the 232°C test temperature.
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3.5 Flatwise tensile strength and fracture energy e

Results of the FWT strength tests forLiAFtC-lA (5% PA) with and without atuminum
filler are given in Table 7 along with the fracture energy, G1c.

Although the FWT strengths were less than expected, ranging from 1.7 to 2.6
MPa, they show promise since this was a preliminary attempt to prepare the
specimens and not an optimization of tape preparation and oonding conditions.
Also, core cell size influences the bond strength obtained, the smaller the cell size,
the greater the contact bond area and, therefore, the greater the strength. The cell
size of the titanium core used to prepare these specimens was rather large, 0.95 cm.
Failures were between the core cell edges and the adhesrve Mnntmal flltetong was | |
observed around the core cel!s No ‘apparent rmprovement m strength was obtamed |
as a resutt of atumnnum powder addltron 7

The frecture energy of LARC-IA (5% PA) 560 and 438 J/m2 was approanmately
double that of the LARC-IA (5% PA) 50% Ai system, 298 and 210 J/m2 ‘as
determtned by the DCB technrque at RT Although these G1c values for LARC-IA
(5% PA) are not as high as desired, they are higher than most epoxies and

bismaleimides but less than polyimidesulfones [8]. The glass cloth, that the polymer

had been supported on, could account for the lower than expected Gy values.

3.6 Film properties and solvent resistance

The mechanrcal propertres of LARC- IA frlms were obtamed accordmg to ASTM

D882 Results are given in Tabte 8. Yreld strength was obtamed by takmg the

tangent of the curve from zero. Overall mechanical properttes were in line with other

aromatic polyimides with flexible backbones. The tensile strength, which is quite
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sensitive to molecular weight, was found to be almost 18 Ksi at RT and the modulus
was a nominal half million Ksi.

The mechanical properties decrease significantly at higher temperatures or as
the Tg of the material is approached. Elongation will generally increase with
increased temperature. All measured values are reasonable and typical of linear
aromatic polyimides.

The resistance to several typical organic solvents is shown in Table 9. A visual
observation of the film after a 72-h period soak in the solvents is noted. Methylene
chloride was the only solvent that effected the LARC-IA film as indicated by the
curling of the film and the increase in Tg. All others retained the same Tg and film

appearance.

3.7 Polyimide/graphite composite

Composites were fabricated from LARC-IA (5% PA) polyimide and AS4 12K
graphite fibers. Results of mechanical properties testing (ASTM D790) are given in
Table 10. No attempt was made to optimize the processing conditions when
fabricating the composite. The composite was laid-up as a unidirectional, 10 ply

(= 1.75 mm thick) configuration. Fabrication conditions were: 1 h heat up, 2.07 MPa
(300 psi) pressure applied at 232°C (485°F); continued heating to 349°C (660°F),

held for 1 h and cooled under pressure.
4. SUMMARY
The synthesis and evaluation of a new linear, aromatic, thermoplastic polyimide,

prepared from oxydiphthalic anhydride and 3,4-oxydianiline and identified as

LARC-IA, have been performed. The flow properties were optimized by controlling



16

the molecular weight by use of a monofunctional anhydride, phthalic anhydride
(PA). The polymer, which is prepared from physicologically safe and inexpensive
monomers, was of interest as a possible substitute or replacement for existing
expensive and possibly carcinogenic monomers used to prepare commercially
available polymers.

The polymer, a high temperature thermoplastic adhesive, was evaluated using
lap shear strength (LSS) tests involving adhesive tape preparation, bond condition
optimization, endcapping optimization for improved flow, thermal exposure and
water boil tests. A comparison was made with LARC-TPI data previously generated
in our laboratory and reported earlier.

Limited studies were conducted on film mechanical properties and solvent
resistance, composite mechanical properties, flatwise tensile strength and fracture
energy.

The polymer with the 5% PA endcap provided the best compromise of the three
polymers prepared and evaluated to optimize flow and strength properties. The
addition of aluminum powder filler to the LARC-IA (5% PA) polymer enhanced the
control LSS at 232°C as well as improved its strength retention after 1000 h
exposure at 204°C and a 72-h water boil. After 5000 h, the test results are
essentially the same with or without the aluminum powder.

Preliminary results of the flatwise tensile strength tests indicate promising
strengths but further improvement could most likely be achieved with refined
processing procedures.

Fracture energy, Gic, determined by the double cantilever beam technique for
LARC-IA (5% PA) with and without aluminum powder filler, was higher than most
epoxies and bismaleimides but less than the polyimidesulfones. The glass cloth in

the bond could account for the lower than expected values.
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The LARC-IA film mechanical properties obtained were typical of linear aromatic
polyimides. Film mechanical properties decreased when the film was tested at
200°C. This is typical when the glass transition temperature (Tg) of the material is
approached.

LARC-IA film was resistant to degradation when exposed to most of the solvents
investigated,ri.ve., diglyme, dimethyl acetamide, m-cresol and N-methyl-2- v
pyrrolidone. Methylene chloride produced an increase in Tg as well as causing the
film to curl after the 72-h soak.

Preliminary mechanical property measurements for a 10 ply, unidirectional
LARC-IA (5% PA)/AS4 12K composite indicates promise (flexural modulus of
195,500 psi) but improvements are definitely possible with further optimization
studies.

The new polyimide, LARC-IA, which is "safe" and potentially inexpensive, shows
excellent promise as an adhesive, film and composite matrix; and compares

favorably with LARC-TPI for future applications in aerospace and industry.
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